Abstract. The activity of α-amylase, glucoamylase, maltase, trehalase, glycogen phosphorylase and trehalose phosphorylase was measured in extracts from larval and adult Hysterothylacium aduncum (Rudolphi, 1802), parasitic nematode of marine fish. The content of glycogen and trehalose in the worm's body was also determined. Both the hydrolytic and phosphorolytic paths of sugar decomposition are present in H. aduncum. In the larvae glycogen was utilised mainly via the hydrolytic path. In the adults the activities of phosphorolytic enzymes were higher than in the larvae. In both stages the activity of trehalose phosphorylase is present. In adult nematodes it is uncommonly high. The dominating sugars in the adults were glucose and glycogen, while in the larvae it was trehalose.
The nematode Hysterothylacium aduncum (Rudolphi, 1802) (Anisakidae) is an intestinal parasite of gadoids, less frequently it is found in representatives of other fish families (Berland 1991) . Its hosts in Europe are cod (Gadus morhua) and eelpout (Zoarces viviparus). It was also found in horse mackerel (Trachurus trachurus) (Adroher et al. 1996) , Greenland halibut (Boje et al. 1997) and in the Black Sea in whiting and sprat (Telli and Doran 1997) . Moravec et al. (1985) found H. aduncum in freshwater fish from Hokkaido while Yoshinaga et al. (1987) observed the full developmental cycle of the parasite after experimental infestation of Oncorhynchus mykiss (as Salmo gairdneri).
Hysterothylacium aduncum is a parasite with a very high prevalence, having the leading position among parasitic nematodes of marine teleosts (Adroher et al. 1996) . In spite of that, much less attention is devoted to it than to Anisakis simplex, a parasite frequently present jointly with it and belonging to the same family. Low interest in H. aduncum may result from the commonly accepted opinion that this parasite does relatively little harm to fish. Berland (1991) goes as far as to question whether it is a true parasite or a mutualist. Also the belief that infestation of homoiothermic animals with H. aduncum is impossible, because its larvae are highly sensitive to temperature (Huang 1988 , Adroher et al. 1991 , resulted in narrowing the scope of studies on this species.
The morphology and life cycle of H. aduncum are well known (Soleim and Berland 1981 , Køie 1993 , Balbuena et al. 1998 , Gonzalez 1998 . A number of works deal with its taxonomy (Balbuena et al. 1998 , Sanchez et al. 1998 , Zhu et al. 1998 . On the other hand, little information was found in the available literature on its biochemistry and physiology. This study aimed at identifying the activity of the key enzymes degrading carbohydrates present in H. aduncum and establishing the content of the major sugars in the body of the parasite. It seems that glucose and its higher polymers such as trehalose and glycogen should be important energetic compounds for this parasite, similar to other parasitic nematodes of fish, Anisakis simplex and Cystidicola farionis (Żółtowska et al. 2000, 2001) .
MATERIALS AND METHODS
The nematodes were isolated from eelpout, Zoarces viviparus (Linnaeus, 1758), caught in the Gulf of Gdańsk from January to December 2000. Larval and adult specimens of H. aduncum were the material for the study. After cleaning from the residues of the host's tissue nematodes were flushed in 0.65% solution of NaCl at 5°C. The extracts for examination were prepared by homogenising the weighted material with 5 volumes of cold 0.65% NaCl. The homogenate was centrifuged at 2000 g for 10 min at 4°C.
Materials. The glucose assay kit (GOD/POD, no. 2-121) was purchased from Cormay Z.P. (Lublin, Poland). The following chemicals from Sigma were used: amyloglucosidase from Aspergillus niger (A 7420), glucose-6-phosphate dehydrogenase from bakers yeast (G 7877), phosphoglucomutase from rabbit muscle (P 3397), AMP, NADP-Na salt, glucose-1,6-bisphosphate, maltose, trehalose, glycogen from oyster, and soluble potato starch.
Sugar assays. The concentration of glycogen was determined according to Sølling and Esmann (1975) , glucose using a glucose assay and trehalose by enzymatic method according to Kienle et al. (1993) , using acid trehalase isolated from Saccharomyces cerevisiae suc2 mutant according to Mittenbühler and Holzer (1988) .
Enzyme assays. The activity of α-amylase was measured according to Caraway (1959) and expressed in the international units (u). The incubation mixture (1 ml) contained FOLIA PARASITOLOGICA 49: 239-242, 2002 1 mg of starch in 70 mM veronal/Na acetate buffer (pH 7.6). The incubation lasted 30 min at 30°C. The activity of α-glucosidases: glucoamylase, maltase and trehalase were assayed according to Dahlqvist (1968) , by measuring the glucose liberated. The glucoamylase activity was measured after 1h incubation at 30°C. The incubation mixture (1 ml) contained 2 mg of glycogen in 70 mM veronal/Na acetate buffer (pH 4.6). Maltase activity was assayed using as substrate 100 mM maltose in 70 mM veronal/Na acetate buffer pH 5.4. The reaction time was 30 min for the larvae and 60 min for the adults. Trehalase activity was determined after 1h incubation at 30°C with 100 mM trehalose in 70 mM veronal/Na acetate buffer (pH 6.12). The activity of glycogen phosphorylase was measured towards glycogen degradation. The reaction mixture in volume of 1 ml contained 1 mg of glycogen in 70 mM sodium phosphate (pH 7.1) and 0.01 mM AMP. The amount of D-glucose-1-phosphate, released after 15 min incubation at 30°C, was determined by the enzymatic method according to Michal (1984) . Trehalose phosphorylase was assayed in the direction of trehalose degradation according to Wannet et al. (1998) . The incubation mixture contained 100 mM trehalose in 70 mM Sörensen buffer (pH 7.1). After incubation at 30°C for 15 min, in the reaction mixture the contents of D-glucose-1-phosphate was determined according to Michal (1984) and the amount of glucose was assayed. The enzymatic activity was expressed in units (u) corresponding to release of 1 µmole of the product in 1 hour. They were converted to 1 mg protein.
The protein content was determined according to Bradford (1976) . The results represent the mean of three repetitions of the tests.
RESULTS
The content of glycogen and glucose was 3 and 10 times higher in H. aduncum adults than in the larvae (Table 1) . Different results were obtained for trehalose, where concentration was ca. 2.5 times higher in the larvae than in the adults. In contrast, the activities of trehalose catabolism enzymes were lower in the larvae than in the adult nematodes (Table 2) . It was impossible to assay the activity of trehalose phosphorylase basing on the amount of glucose, because trehalase in crude extracts from H. aduncum was still active at pH 7.1. The ratio of glucose to glucose-1-phosphate was always higher than 1, ranged from 1.3 to 1.6. We decided to determine trehalose phosphorylase activity spectrophotometrically by enzymatic measurement of the glucose-1-phosphate liberated from trehalose. In the adults the measured activity of trehalose phosphorylases was very high, being 5 times higher than in the larvae, while the activity of trehalase was only 2 times higher. Also glycogen phosphorylase was more active in the adult nematodes than in the larvae.
Amylolytic enzymes showed similar activity in both developmental stages. For α-amylase the mean activity was 0.55 u/mg and 0.57 u/mg, and for glucoamylase 5.11 u/mg and 6.12 u/mg, respectively, for the larvae and adults. The activity of maltase was 5 times higher in the larvae than in the adult nematodes (Table 2) . 
DISCUSSION
The activity of enzymes of sugar metabolism results from different living conditions of parasites (Von Brand 1973) . We observed that the larvae of intestinal parasites of fish, Hysterothylacium aduncum and Anisakis simplex, possessed a similar level of glycogen phosphorylase (Żółtowska et al. 2000) . It was by one order lower than that measured for the larvae of the tissue nematode Cystidicola farionis. The high activity of glycogen phosphorylase in C. farionis larvae was in positive correlation with a higher level of glycogen in its body (Żółtowska et al. 2001 ) and, as we suppose, larger in the immediate environment of that parasite than that generally encountered by intestinal nematodes. The comparison of α-amylase activities also confirmed Von Brand's suggestion. The activity of that enzyme, which is important in degrading mainly food polysaccharides, in the intestinal parasite H. aduncum (0.55 u/mg) was higher by one order than that in the tissue parasite C. farionis (0.010 u/mg) (Żółtowska et al.
2001).
As established in our studies, both paths of sugar decomposition were present in H. aduncum: the hydrolytic path represented by amylases and disaccharidases and the phosphorolytic path represented by glycogen phosphorylase and trehalose phosphorylase (Table 2 ). In the adult nematodes the activity of both phosphorylasesglycogen and trehalose -was significantly higher than in the larvae. We have never found in nematodes such high activity of trehalose phosphorylase as was measured in the adult H. aduncum (Dmitryjuk et al. 2000 (Dmitryjuk et al. , Żółtowska et al. 2000 (Dmitryjuk et al. , 2001 . We suppose that the phosphorolytic pathways of sugar catabolism become much more important during the worm's development.
The activity of the major enzymes initiating the hydrolytic decomposition of glycogen, α-amylase and glucoamylase was similar for both developmental stages (Table 2) . A difference, however, was observed in the activity of disaccharidase. The activity of maltase, involved in further decomposition of the products of amylolysis, was almost 5 times higher in the larvae than in the adults. This is supposed to lead to efficient utilisation of glycogen in the larvae mainly along the hydrolysis path as the level of glycogen in them was three times lower than in the adult H. aduncum (Table  1) .
The larvae and adults of H. aduncum differ in the content of reserve sugars that they possess. In the adult nematodes glucose was the dominating sugar. Also the concentration of glycogen was significantly higher in the adults than in the larvae. On the other hand, trehalose was the main sugar in the larvae (Table 1) . It seems that the differences in the contents of individual saccharides may result partly from the activities of enzymes decomposing them in the larvae and in the adults. The high activity of trehalase and trehalose phosphorylase measured in the adult nematodes may be the cause of the low level of that disaccharide in them. Similar results were obtained for C. farionis. In that fish parasite the activity of trehalose catabolism enzymes was also higher in the adults than in the larvae (Żółtowska et al. 2001) . The negative correlation between the level of trehalose and the activity of trehalase was described by Behm (1997) in many other parasitic nematodes.
The issue whether or not H. aduncum can be dangerous for mammals and humans remains open. Studies by Gonzalez (1998) excluded the possibility of infesting mice with L 3 and L 4 larvae of H. aduncum. On the other hand, a well-documented case of anisakiosis in a man was described in Japan (Yagi et al. 1996) . The potential possibility of including humans as accidental hosts in the life cycle of H. aduncum is indicated by the described cases of appearance of this nematode in sea birds feeding on fish (Olafsdottir et al. 1996) and porpoises living in the coastal waters of Denmark (Herreras et al. 1997) . Such reports indicate the need for more detailed studies on the biochemistry and physiology of this parasite.
